Study on integration of silver-zinc battery improvements  Interim technical report, 1 Jan. - 30 Jun. 1970 by Steinhauer, R. A. & Haas, R. J.
FOURTH INTERIM TECHNICAL REPORT 
For The 
STUDY ON INTEL ......, N OF SILVER-ZINC BATTERY ILII iI.IIIiI. 'S 
( 1 January 1970 - 30 June 1970 ) 
Contract No.: NAS 5-1 1579 
GODDARD SPACE FLIGHT CENTER 
Contracting Officer: A. L. Essex 
Technical Monitor: W. H. Webster 
Prepared By 
HUGHES AIRCRAFT COMPANY 
AEROSPACE GROUP 
Space Systems Division 
Propulsion And Power Systems Laboratory 
El Segundo, California 
For 
GODDARD SPACE FLIGHT CENTER 
Greenbelt, Maryland 
Project Manager: P.S. DuPont 
For 
GODDARD SPACE FLIGHT CENTER 
Greenbelt, Maryland 
Prepared By: % ' g d d  
R. J. Haas 
Unit Engineer 
*a. &%A&- 
R.A. Steinhauer 
Project Engineer 
Approved By: . l? 
P.S. DuPont 
Project Manager 
Hughes Ref. No. 70(22)3276/86700. SSD 00340R 
https://ntrs.nasa.gov/search.jsp?R=19700027588 2020-03-11T23:31:35+00:00Z
ABSTRACT 
This  r e p o r t  c o v e r s  the  t echn ica l  p r o g r e s s  and s t a t u s  on Goddard 
Space Flight  C e n t e r  Con t rac t  N A S  5-11579 f o r  the  per iod  of 1 J a n u a r y  1970 
through 30 June 1970. The object  of t h i s  p r o g r a m  i s  t o  develop a n  advanced 
single c e l l  des ign f o r  incorpora t ion  into a 1 2 - a m p - h r  f i v e - c e l l ,  s ea led  
s i l v e r - z i n c  ba t t e ry .  During t h i s  r epor t ing  per iod  the  component  and s ingle  
c e l l  des ign was  developed fo r  the  f ive -ce l l  ba t t e ry .  
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1 .  1 .  3 Technology Goals 
The development of a n  improved s i l ve r - z inc  ba t t e ry  fo r  synchronous 
ea r t h  o rb i t ,  3 -yea r  space  applicat ions i s  the p r i m a r y  purpose  of th i s  con- 
t r a c t .  The re  a r e  t h r ee  ma in  bat tery  des ign goals f o r  th i s  p rog ram:  1 )  3 -yea r  
ba t t e ry  wet l i fe ,  2) 270 cyc les  a t  60 percent  depth of d i s cha rge ,  and 3)  bat -  
t e r y  s e a l  in tegr i ty  f o r  3 y e a r s .  Achievement of the cycle  life and wet stand 
goals a r e  m o s t  dependent upon the availabil i ty of improved s epa ra to r  s y s -  
t e m s .  During the  th i rd  phase  of th is  con t rac t ,  the s e p a r a t o r  des ign will be 
optimized fo r  i nc r ea sed  zinc e lect rode capaci ty  and improved chemica l  
s tabil i ty,  Although s ta te  of the a r t  ce l l  t e r m i n a l  s ea l  technology ha s  been 
sa t i s fac to ry  fo r  long life space  appl ica t ions ,  poss ible  improvements  in t e  r  - 
mina l -cover  s e a l  des ign wil l  be investigated.  
1. 2 BACKGROUND 
1.  2. 1 State of the Ar t  Silver -Zinc Cells  
Many Government -sponsored technology con t rac t s  over  the l as t  3 t o  
4 y e a r s  have led t o  specif ic improvements  in the s i lve r -z inc  sy s t em.  How- 
e v e r ,  while improved components ( i .  e.  , p l a t e s ,  s e p a r a t o r s ,  and s e a l s )  have 
been developed on independent p r o g r a m s ,  t h e r e  h a s  been l i t t le  effort  made  
t o  incorporate  s e v e r a l  of t he se  improvements  into one s i lve r -z inc  bat tery .  
The purpose  of th i s  p r o g r a m  is t o  combine s e v e r a l  independently developed 
improvements ,  along with l ighter  weight a e ro space  packaging, into one 
ba t t e ry  designed fo r  optimum per formance .  
2 . 0  TECHNICAL DISCUSSION 
2 . 1  PLATES 
2. 1.  1 Requi rements  
The requ i red  del iverable  d i scharge  capaci ty  i s  12 a m p - h r  with a 
7. 2 -ampere  u s e  r a t e .  The ba t t e ry  cycle  life des ign goal i s  270 cyc les  a t  a 
60 percent  depth of d i scharge  over  a 3 -yea r  period.  The 24-hour synchro-  
nous ea r th  orbi t  duty cycle  cons i s t s  of 23 hou r s  charge  and 1 hour  d i s cha rge .  
2. 1.  2 P a r a m e t e r s  
The following ba t t e ry  plate p a r a m e t e r s  have been considered f o r  
establishing the  opt imum design. 
1) Total  posit ive plate capacity 
2) Negative-to-posit ive capaci ty  r a t i o  
3) Coulombic efficiency 
4) Active m a t e r i a l  plate densi ty  
5) P la te  c u r r e n t  density 
6) Number and dimensions  of p la tes  
Based on the  des ign requ i rements  d i scussed  in P a r a g r a p h  2. 1. 1 ,  the  
to ta l  s i l ve r  plate capaci ty  was es tabl ished a t  16 amp-h r .  The inc reased  
positive plate capaci ty  over  the nominal  12 a m p - h r  provides f o r  a poss ible  
25 percent  l o s s  of negative plate su r face  a r e a  caused by zinc plate shape 
change. The negative-to-posit ive plate capaci ty  r a t i o  ha s  been se t  a t  2. 5 
to  1 .  0 with a n  act ive  m a t e r i a l  coulombic efficiency of 70 percen t  f o r  both 
s i l ve r  and zinc oxide pla tes .  The positive and negative act ive  m a t e r i a l  plate 
dens i t i e s ,  7 4  g r a m s  s i l ve r  pe r  cubic inch and 47. 5 g r a m s  zinc oxide p e r  
cubic inch, r espec t ive ly ,  have been se lected f o r  low r a t e  operation.  The 
maximum d ischarge  plate c u r r e n t  pe r  unit a r e a  i s  0 . 064  a m p e r e  pe r  squa re  
inch of plate a r e a  with the ba t t e ry  use  r a t e  a t  7. 2 a m p e r e s .  The to ta l  pos i -  
tive plate su r f ace  a r e a  1s defined by the following relat ionship:  
2 
Total plate a r e a  ( in  ) = 2 Current  per unit a r e a  of plate (amp/ in  ) 
The computed tota l  positive plate a r e a  i s  112 square  inches.  The 
individual plate a r e a  (one s ide)  i s  9. 33 square  inches ,  based upon the use  of 
s ix  s i lver  plates and seven zinc oxide plates p e r  cell.  P l a t e  dimensions 
selected a r e  2. 50 inches wide and 3.80 inches high t o  permi t  use  of a 1. 5 to  
1. 0 height to  width ratio.  
The active m a t e r i a l  plate thickness i s  defined by the following 
relationships: 
Total  plate capacity (amp-hr )  Total m a s s  (gm) = Coulombic equivalent ( amp-h r  / grn) x efficiency 
3 Total m a s s  (gm)  Total active ma te r i a l  volume ( in  ) = 3 Active ma te r i a l  density (gm/ in  ) 
Total active ma te r i a l  volume ( in  1 3 Active ma te r i a l  th ickness  (inch) = 2 Total  plate a r e a  ( in  ) 
The computed s i lver  and zinc oxide active ma te r i a l  thickness i s  0. 0111 
and 0.0326 inch, respectively,  The general  plate design i s  summar ized  in 
Table 1. 
TABLE 1. GENERAL DESIGN SUMMARY 
Total  zinc oxide to  s i lver  capacity ra t io  
Total  plate a r e a  112 square  inches 
(64. 5 ma / in2  a t  
7. 2 ampere )  
Number of plates 
Zinc oxide 
2. 1. 3 Pos i t ive  P l a t e  Cha rac t e r i s t i c s  
The chemica l  and physical  cha r ac t e r i s t i c s  of the positive plates t o  be 
uti l ized in the ba t t e r i e s  f o r  the th i rd  phase of th i s  p r o g r a m  a r e  desc r ibed  in 
Table 2. 
2. 1. 4 Negative P l a t e  Cha rac t e r i s t i c s  
The chemica l  and physical  c h a r a c t e r i s t i c s  of the  negative pla tes  t o  be 
uti l ized i n  the ba t t e r i e s  f o r  the th i rd  phase of th i s  prograrn  a r e  desc r ibed  in 
Table 3'. 
TABLE 2. CHEMICAL AND PHYSICAL CHARACTERISTICS 
OF SILVER PLATES 
Dimensions:  
Width 
Height 
Thickness  
Co rne r  r ad i i ,  typical  
Density 
Weight 
Active m a t e r i a l ,  s i l ve r  
Grid 
Tab  
2. 500 rt 0. 030 inches  
3.800 f 0 .  030 inches  
0 . 0 1 2  A 0 . 001  inch 
0.  125 A 0 .010 inch 
3 74. 0 g m / i n  , 43 percen t  
7.  60 =k 0. 10 g ra rns  
1 .  17 f 0. 04 g r a m s  
0 . 0 3  & 0. 01 g r a m s  
Tota l  8 . 8 0  A 0. 15 g r a m s  I 
A r e a  (one s ide)  9. 33 squa re  inches  I 
Capacity 2. 67 a m p - h r  I 
TABLE 3. CHEMICAL AND PHYSICAL CHARACTERISTICS 
OF  ZINC OXIDE PLATES 
Dimensions:  
Width 
Height 
Thickness  
Density 
Weight 
Active ma te r i a l  
ZnO 
K g 0  
Grid 
Lead w i r e s  (4) 
Tota l  
Capacity 
2. 500 f 0. 030 inches  
3.800 f 0.030 inches  
0. 033 f 0.002 inch 
3 47. 5 g m / i n  , 52 percen t  
14, 53 =kO. 10 g r a m s  
0.030' g r a m  
1 . 0 0  A 0 . 0 5  g r a m  
0 .34  A 0 , 0 5  g r a m s  
16. 1 7  f 0 .  20 grarns  
6, 67 a m p - h r  
2. 1. 5 Specifications 
The s i lve r  and zinc oxide plate p rocurement  speci f ica t ions  were  
p r epa re d  and del ivered t o  NASA-GSFC. The following NASA-GSFC spec i f i -  
ca t ions  a r e  desc r ibed  in Appendix I. 
1) Requirements  f o r  Unformed Zinc Oxide P l a t e s  f o r  Aerospace  
Application 
2) Requirements  f o r  Unformed Silver P l a t e s  f o r  Aerospace  
Application 
2 . 2  SEPARATOR SYSTEM 
2. 2 .  1 Design Goals 
Two ma in  des ign goals  have been es tabl ished f o r  the s epa ra to r  sys tem:  
1)  extended wet life of 3 y e a r s  in 40 percen t  potass ium hydroxide solution a t  
25" C ,  and 2) provide mechan ica l  suppor t  f o r  the zinc oxide plate to  min imize  
the  shape change. Conventional s i l v e r -  zinc ce l l s  u t i l ize  cel lophane a s  the 
p r i m a r y  s epa ra to r  ma t e r i a l .  Cellophane unfortunately i s  subject  t o  extensive 
degradat ion in potass ium hydroxide solution and i s  l imi ted t o  a max imum of 
18 months  wet life. The RAI Resea r ch  Corporat ion,  2291 P e r m i o n ,  poly- 
ethylene s epa ra to r  m a t e r i a l  i s  apparent ly  capable of extended wet life and 
wi l l  be used in  ba t t e r i e s  fo r  th i s  p rog ram.  Although P e r m i o n  2291 ha s  s a t i s -  
f a c to ry  chemica l  s tabi l i ty ,  it provides  poor mechanical  suppor t  f o r  the zinc 
plate because  of the low swel l  f ac to r  ( 5  percent)  when soaked i n  40 percent  
po tass ium hydroxide solution. An auxi l iary  support  m e m b e r  wil l  be incor  - 
porated in the s epa ra to r  s y s t e m  f o r  the  purpose  of inc reas ing  negative plate 
mechan ica l  support .  An addit ional  des ign goal i s  t o  optimize the s epa ra to r  
s y s t e m  f o r  the following operat ing conditions: 1)  u se  ra te :  7. 2 a m p e r e s ,  and 
2) t e m p e r a t u r e  range:  0 to  25" C. 
2. 2, 2 Configuration 
The s epa ra to r  sy s t em i s  compr i sed  of t h r ee  conponents: 1) positive 
plate a b s o r b e r ,  2) s epa ra to r  m a t e r i a l ,  and 3) negative plate suppor t  m e m b e r .  
The a b s o r b e r  and support  m e m b e r  aid e lec t rolyte  mobil i ty between the  
s e p a r a t o r  materia-1 and pla tes .  The support  m e m b e r  a l s o  functions a s  a 
mechan ica l  suppor t  s t r u c t u r e  f o r  the  negative plate.  The s e p a r a t o r  sy s t em 
component sequence s t a r t i ng  with the  s i l ve r  plate i s  a s  fol lows,  and i s  i l lus - 
t r a t ed  in F igure  1: 
Silver p la te /a i ; sorber / separa tor / suppor t /z inc  oxide plate 
2 ,  2. 3 Candidate Mate r ia l s  
-7 1 he componen-t m a t e r i a l s  se lec ted  fo r  evaluation in the single cell 
s c r e e n i l ~ g  tests a r e  l is ted in Table 4. 
SILVER 
C 
- 
P L A i i  
ZINC OXIDE PLATE 
F i g u r e  1. Sepa ra  t o r  Component  
Conf igura t ion  
TABLE 4.  CANDIDATE SEPARATOR MATERIALS 
Abso rbe r  
Dyne1 - EM 470 
Pel lon - 2505K 
K T - L P M  174-67 
Asbestos  - F. C. A.  
Separa to r  
Polyethylene - 229 1 
Cellophane - 193 PUDO 
Support 
Pel lon - 2505K 
Asbestos  - FCA 
Cellophane - 193 PUDO 
KT-LPM 174-67 
Visking 
The m a t e r i a l s  w e r e  se lected f o r  cornponelit function and compatibil i ty 
with the des ign goals d i scussed  in  P a r a g r a p h  2. 2. 1. Altliough cellophane has  
been el iminated a s  a s e p a r a t o r  m a t e r i a l  f o r  th is  p r o g r a m ,  i t  h a s  been se lected 
a s  a s e p a r a t o r  m a t e r i a l  f o r  compara t ive  purposes  in the  single c e l l  s c r e e n -  
ing t e s t s .  Cellulosic m a t e r i a l s  have been se lec ted  a s  candidate suppor t  
m a t e r i a l s  because  the functiolial r equ i r emen t s  f o r  suppor t  m e m b e r s  d i f fe r  
f r o m  that  of s epa ra to r  m a t e r i a l s .  
2 . 3  FRAME-SEPARATOR SPACER 
2. 3. 1 Requi rements  
The f r a m e - s e p a r a t o r  s p a c e r  s e r v e s  four  functions: 1 )  re ta ins  e l e c t ro -  
lyte in the plate region,  2 )  f o r m s  a n  i n t e r s epa ra to r  gasket  s e a l ,  3) suppor ts  
the s i l ve r  and zilic plate edges ,  and 4)  positions and s e p a r a t e s  the plate t abs  
leaving the ce l l  s tack.  Elect rolyte  management  within the  ce l l  i s  mos t  c r i t i -  
c a l  when long cycle  life is required.  As discussed in Pa r ag raph  3. 1. 1 ,  
e lec t rolyte  interactio:? ,,v:.tll the  zinc e lec t rode  i s  a p r i m a r y  cause  of nega - 
t ive plate shape chang, . 
2. 3, 2 Configuration C r o s s  Section 
-- 
Fioirre a - 2 i i lus t ra te  s the f r a m e  - s e p a r a t o r  space r  and plate staclcup 
corifi,quuation. The s e p a r a t o r ,  f r a m e ,  and plate a r e  sequential ly positioned 
ilci c o n ~ p l c t c -  the s t ackup  i3f seven negative plates and s ix  positive pla tes ,  
PLATE TABS $i;:hL'R AND SUPPORT 
a SIL\ E R  PLATES ABSORBER 
ZINC OXIDE PLATES SEPARATOR FRAME 
a EPOXY 
Figure  2 .  Cel l  Stack C r o s s  Section 
2. 3 .  3 Alte rna te  Design 
Zinc plate shape change typically occu r s  f i r s t  in the  upper  plate 
region.  The availabil i ty of exce s s  f r e e  e lec t rolyte  in th is  region i s  con-  
s i de r ed  a n  impor tan t  c ause  of zinc plate slumping.  T h r e e  f r a m e  pa t t e rns  
we re  se lected f o r  s c r e e n  tes t ing a s  i l lus t ra ted  in F igu re  3 .  These  f r a m e s  
a r e  configured a s  follows: 1) P a t t e r n  A su r rounds  the pla te ,  2) P a t t e r n  E i s  
extended above the  upper  plate edge ,  and 3) P a t t e r n  AE sur rounds  the plate 
and is extended above the plate fo rming  a rec tangula r  c l o su re .  F r a m e  pat -  
t e r n  AE i s  unique because  it incorpora tes  a n  i n t eg ra l  e lec t rolyte  r e s e r v o i r  
above the plate with a n  opening t o  the plate compa r tmen t  f o r  e lec t rolyte  
mobil i ty.  P a t t e r n  A provides  no f r e e  e lec t rolyte  volume above the  p la te ,  
while Pa t t e rn  E exposes  the  upper  plate edge t o  f r e e  e lec t ro ly te  which i s  
s i m i l a r  t o  conventional c e l l s .  
2 . 4  SINGLE C E L L  SCREENING TESTS 
The single c e l l  t e s t  configuration cons i s t s  of a t h r e e - p l a t e  ce l l ,  two 
s i l ve r  plates and one zinc oxide pla te ,  a s  i l lus t ra ted  in F igu re  4. The ce l l  
c a se  const ruct ion includes two epoxy g lass  f ibe r  re inforced shee t s  positioned 
on the  s ides  of the  ce l l  s t a ck  and epoxy encapsula ted 011 the  edges.  The posi -  
t ive and negative pla tes  ut i l ized in the s e p a r a t o r  and f r a m e  sc reen ing  t e s t s  
we re  p rocured  dur ing Phase  11 of t h i s ~ p r o g r a m .  Although the  Phase  I11 plate 
des ign is di f ferent ,  P h a s e  11 plates we re  used t o  e n s u r e  conformance t o  the  
p r o g r a m  schedule. Eighteen single ce l l s  we re  fabr ica ted  and assembled  into 
a c e l l  pack,  a s  shown in F igu re  5. Six ce l l s  incorpora ted  f r a m e  des ign mod-  
if icat ions and the  remain ing  twelve ce l l s  included s e p a r a t o r  s y s t e m  var ia t ions .  
2. 4. 2 T es t  Cycle Descr ip t ion 
An acce le ra ted  8 -hour  t e s t  cycle was se lec ted  f o r  component evalua-  
tion. The t e s t  cycle  consis ted  of 7. 5 hours  cha rge  a t  0. 072 a m p e r e  with a 
voltage l imi t  of 2. 00 volts p e r  ce l l  and 0. 5 hour  d i scharge  a t  1 . 0  a m p e r e .  
The nominal  depth of d i scharge  i s  25 percent .  The max imum overcharge  i s  
10 percent  with the  voltage l imi t  s e t  f o r  2, 00 volts  p e r  c e l l  x 18 ce l l s  fo r  the 
s e r i e s  connected c i rcu i t .  All t e s t s  we re  conducted a t  r o o m  ambient  
t empe ra tu r e .  
2. 4. 3 Separa to r  Evalua,tion 
The purpose  of :Ike s epa ra to r  sc reen ing  t e s t  i s  t o  optimize the  indivi- 
dual  s ep a ra to r  systel-r! components f o r  reducing zinc e lec t rode  shape change. 
A s tandard  s e p a r a t o r  s y s t e m  configuration was  se lec ted  a s  follows: 1 )  posi -  
t ive a b s o r b e r  - one l ayer  Pel lon 2505K, 2) s e p a r a t o r  - f o u r  l a y e r s -  2291 poly- 
ethylene,  and 3 )  suppor t  m e m b e r  - two l a y e r s  cel lophane 193 PUDO. The 
candidate s e p a r a t o r  m a t e r i a l s  f o r  each  component a r e  l i s ted  in Table 4. The 
cancliclak for one component ca tegory  w e r e  each  incorporated in 
test cc i l s  with s t andard  rna.terials in the other  c a t ego r i e s  a s  shown in Table 5. 
FRAME PATTERN A FRAME PATTERN t FRAzME PATTFRN AE 
F i g u r e  3 .  F r a m e  - S e p a r a t o r  
S p a c e r  Des igns  
SILVER PLATE 
REINFORCEMENT 
SHEET 1 
ZINC OXIDE PLATE 
EPOXY 
ENCAPSULATION. 
POSITIVE ABSORBER 
' SEPARATOR 
MATERIAL 
NEGATIVE SUPPORT 
MEMBER 
FRAME SEPARATOR SPACER 
F i g u r e  4. T e s t  Ce l l  Configurat ion 
TABLE 5. SEPARATOR MATERIAL TEST PLAN 
One l a y e r  - Pel lon  Two l a y e r s  - cel lophane 
One l aye r  - Dyne1 
One l a y e r  - KT 
One l a y e r  - a s b e s t o s  
Variables Standard 
F o u r  l a y e r s  - 2291 
F lve  l a y e r s  - 2291 
F lve  l a y e r s  - cel lophane 
Standard V a r ~ a b l e s  
One l a y e r  - Pel lon  F o u r  l a y e r s  - 2291 One l a y e r  - Pel lon  
One l a y e r  - a s b e s t o s  
T h r e e  l a y e r s  - cel lophane 
Two l a y e r s  - cel lophane 
One l a y e r  - KT 
One l a y e r  - Vlsklng 
Figu re  5 .  Screening T e s t s ,  Cell  Pack  
(Photo A27183) 
T e s t  ce l l s  we re  subjected t o  60 cyc les  in accordance  with Pa r ag raph  
2. 4. 2. Cell  pe r fo rmance  was  evaluated fo r  percentage of zinc e lec t rode  
shape change and average  d i scharge  voltage. Resul ts  of the t es t ing  p rog ram 
indicated that  a definite improvement  in c e l l  pe r fo rmance  can  be  at tained by 
proper  se lect ion of s epa ra to r  components ,  as shown in  Table  6. Based on 
the r e su l t s  of the component sc reen ing  t e s t s  and the  s e p a r a t o r  des ign  goals 
d i scussed  in  Pa r ag raph  2. 2, 1 ,  the following components have been se lected 
fo r  f u r t he r  evaluation: 
1 )  Category 1 ,  positive a b s o r b e r  - Pel lon 2505K 
2) Category 2 ,  s epa r a to r  - P e r m i o n  2291 
3 )  Category 3 ,  ,- . ~ , l t l v e  suppor t  - KT-LMP174-67 and cellophane 
193 P U D O  
Although the cellophane s e p a r a t o r  t e s t  ce l l  pe r fo rmance  was  much  
supe r io r  t o  any other  c e l l  t e s t ed ,  the poor wet life capabil i ty of cellophane 
p rec ludes  i t s  usage a s  a s epa ra to r  ma t e r i a l ,  
2 .  4. 4 F r a m e  Evaluat ion  
The t h r e e  f r a m e  s e p a r a t o r - s p a c e r  p a t t e r n s ,  A ,  E ,  and A E ,  
d e s c r l b e d  In P a r a g r a p h  2. 3. 3 ,  e a c h  w e r e  ~ l i c o r p o r a t e d  111 two t e s t  c e l l s ,  
All  c e l l s  w e r e  a s s e m b l e d  In a  c e l l  pack a s  I l lus t r a t ed  111 F l g u r e  6 and w e r e  
subjec ted  t o  a c c e l e r a t e d  cycllng a s  d e s c r l b e d  111 P a r a g r a p h  2. 4, 2. Both 
A-pattern c e l l s  fa i led  a f t e r  20 c y c l e s  because  th l s  deslgl? p rov ldes  no  e x c e s s  
e l ec t ro ly te  s t o r a g e  above the  p la te s ;  ~ t  p r  omotes  10s s  of e l ec t ro ly te  dur lng  
c e l l  ou t -gass lng .  The remaln lng  c e l l s  comple ted  60 c y c l e s  and w e r e  Inspected  
f o r  negative plate shape  change.  Table  7 summarizes the  f r a m e  evaluat lon 
t e s t  r e s u l t s .  The AE f r a m e  p a t t e r n  h a s  been se lec ted  f o r  incorporation In 
P h a s e  I11 batteries based  on f r a m e  evaluat lon r e s u l t s .  Teksun  Inc .  , Los  Angeles ,  
i s  the  subcon t rac to r  tha t  wi l l  develop the tooling and wi l l  inject ion mold  t h e s e  
f r a m e s .  
TABLE 6, RESULTS O F  SEPARATOR SCREENING TESTS 
M a t e r i a l  
Pel lon 
Dyne1 
1 K T  
Asbes tos  
Pe l lon  
Asbes tos  
3 -cellophane 
2-cellophane 
KT 
Visking 
Shape Change,  
Z inc-Area ,  
percen t  
Discharge  Voltage, volts 
I I 
Cycle 20 / Cycle 40 Cycle 60 I 
1. 42 1. 41 
1 . 3 4  1 .  30 
1. 38 1. 37 
Fa i led  Fa i led  
Colnponent 
Choice 
TABLE 7.  RESU L,TS OF FRAME-SEPARATOR SCREENING TESTS 
\ A A E E AE AE 
v / 
FRAME PATTERNS 
Figu re  6. F r a m e  Evaluation Cell  Pack ,  Top View 
2 . 5  C E L L  STACK 
2. 5. 1 Configuration Options 
Ba t te r ies  f o r  t h i s  p rog ram will u se  two ce l l  configuration options a s  
summar i zed  in Table 8 .  The configurations a r e  based on the  s epa ra to r  and 
f r a m e  sc reen ing  t e s t  r e su l t s  d iscussed in Section 2. 4. The configurational 
options differ  only i n  the  m a t e r i a l  utilized fo r  the  negative plate support  
m e m b e r ,  Option 1 ,  incorpora tes  Po tass ium Titanate paper  and Option 2 
incorpora tes  Cellophane. 
TABLE 8 .  SUMMARY OF C E L L  CONFIGURATION OPTIONS 
RAI Permion  229 1 
each  0 .001 
2) DuPont Cellophane 
2. 5. 2 Assembly 
The ce l l  c a s e  fah?.ication procedure  enta i ls  stacking the components 
in the  o r d e r  l i s ted bel(  -;: 
1) Negative plate f r a m e  
2) Zinc oxide plate 
3 )  Separa tor  sy s t em 
4) Posi t ive  plate f r a m e  
5) Silver plate 
6) Separator system 
7) Repeat Items 1 through 6 six t imes  
8 )  Negative plate f r ame  
9)  Zinc oxide plate 
The cel l  co re  per ipheral  surfaces a r e  epoxy encapsulated to immobi- 
l ize the assembly for  insertion into the cel l  case  a s  i l lustrated in Figure 6. 
2. 5. 3 .Electrolyte Reservoir 
The f r ame  pattern AE provides a compartmentalized electrolyte 
reservoi r  for  each plate a s  shown in Figure 7. Functionally the reservoi r  
s tores  excess  f r ee  electrolyte and regulates the electrolyte access  t o  the 
upper plate edge. Additionally, the r e se rvo i r  fo rms  a f ree  gas volume, 
storage region. The advantages of this  unique design a r e  discussed in 
grea ter  detail in Section 3.  1. 
2.6 CELL CASE AND COVER 
2. 6. 1 Requirements 
The physical design requirements for  the single cel l  cavity case  and 
cover a r e  a s  follows: 
1)  Minimum inter ior  case  wall draft  angle, 0"  0 '  to  0" 30 '  
maximum 
2) Thin c a s e w a l l ,  0.100to0.150inchmaximumthickness 
3) Para l le l  outside case  walls 
4) Retain internal cell  p re s su re  50 psig 
5) Resealable electrolyte fill tube in the cover 
The minimum inter ior  case wall draft  angle i s  particularly important 
f o r  optimizing the separator  system-plate interface.  This battery design 
rel ies  heavily on the case walls to  provide support fo r  the negative plates 
because the 2291 separator  system offers only a 5 percent swell factor when 
wet with 40 percent weight KOH. The cell  and cover mater ia l  design requires  
chemical stability fo r  3 years  in a caustic solution with an operating tempera-  
tu re  range of 0 "  t o  25" :. 
2. 6. 2 Material  a.nd P rocess  
Based on the physical and chemical design requirements discussed in 
Paragraph 2. 6. 1 ,  the mater ia l  selected fo r  the case  and cover i s  General 
Electr ic  731-701 Noryl, The pr imary  constituents of Noryl a r e  50 percent 
polyphenylene oxide with about 30 pe r cen t  polys tyrene.  This  m a t e r i a l  a l s o  
w a s  se lec ted  a s  the packaging m a t e r i a l  f o r  the ba t t e r i e s  developed during the 
second pha s e  of th is  con t rac t .  The  c a s e  and cover  wi l l  be  injection molded with 
specia l  highly pol ished s t e e l  tooling, Because  Noryl  the rmoplas t i c  r equ i r e s  
e levated t e m p e r a t u r e  and i nc r ea sed  p r e s s u r e  f o r  injection molding,  low cos t  
a luminum tooling i s  cons idered  unsa t i s fac to ry  fo r  th is  applicat ion.  Jup i te r  
Engineer ing Inc.  , Menlo P a r k ,  Cal i fornia ,  i s  the subcont rac to r  that  wi l l  de -  
velop the tooling and  wi l l  inject ion mold the cel l  ca s e s .  Teksun Inc. , Lo s 
Ange les ,  wi l l  provide  the cel l  cove r s  to Hughes drawing requ i rements .  
2.  7 C E L L  TERMINAL AND VENT SEAL 
2. 7,  1 Requi rements  
Prevent ion of e lec t ro ly te  leakage is the  p r i m e  des ign requ i rement  
f o r  the  meta l - to -p las t i c  t e r m i n a l  and vent tube s ea l s .  The s e a l  m u s t  with- 
stand exposure  t o  fo r ty  weight pe rcen t  po tass ium hydroxide solution in com-  
bination with oxygen gas f o r  t h r e e  y e a r s  and re ta in  fifty pounds p e r  squa re  
inch in te rna l  gas  p r e s s u r e  within the operat ing t e m p e r a t u r e  range  of 0 '  t o  
25" C. 
2. 7. 2 Seal  Techniques 
The s t ra t i f ied  s e a l  technique was se lected f o r  t h i s  p las t i c - to -meta l  
s e a l  applicat ion in conjunction with an  "0" ring gland s e a l  as i l lus t ra ted  i n  
F igu re  8. Each  t e r m i n a l  and vent tube s e a l  is a s e r i e s  of t h r e e  meta l - to -  
p las t ic  s ea l s  consis t ing of one s t ra t i f ied  s e a l  a t  both the  top and bottom s u r -  
f aces  of the ce l l  cove r ,  with an  "0" ring gland s e a l  positioned between the  
s t ra t i f ied  s e a l s ,  a s  shown in F igu re  9. General ly ,  the  s t ra t i f ied  s e a l  t e ch -  
nique cons i s t s  of a l t e rna te  l a y e r s  of epoxy adhesive  and neoprene e l a s tomer  
bridged between the m e t a l  t e r m i n a l  and plas t ic  cover .  The neoprene e las to -  
m e  r  i s  chemical ly  solvent -welded t o  the cover  and mechanical ly  immobi l ized 
with the  epoxy adhesive f o r  improved s e a l  integri ty.  A detai led discuss ion 
of this  s e a l  technique and fa i lu re  mechan i sm  is presen ted  in the  New Tech-  
nology Section of th i s  r epor t .  Ethylene propylene rubber  w a s  se lected a s  the 
"0" ring s e a l  m a t e r i a l  because  i t  h a s  excellent  chemica l  s tabi l i ty  in  potas-  
s i u m  hydroxide solution. The "0" ring gland des ign developed f o r  th i s  
p r o g r a m  dif fers  significantly f r o m  conventional des igns  in the number  of 
m e t a l  and plast ic "0" ring in te r faces  a s  i l lus t ra ted  in F igu re  10. The 
improved des ign provides  two m e t a l  and two plas t ic  in te r faces  with the "0" 
r ing ,  compared  with one m e t a l  and t h r ee  plast ic  in te r faces  f o r  the  conven- 
t ional  design. 
2 . 8  C E L L  ASSEMBLY 
2. 8 .  1 Fabr icat ion Sequence 
Cell  fabr ica t ion enta i ls  t h r e e  m a i n  s teps :  1)  c e l l  c o r e  a s s emb ly ,  
2) ce l l  cover  a s s emb ly ,  and 3 )  c a s e ,  cove r ,  and ce l l  c o r e  assembly .  The 
ce l l  c o r e  a s s emb ly  p rocedure  h a s  been desc r ibed  in de ta i l  in Section 2. 5. 
NEGATtVE Ab/{' i-iw 
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F i g u r e  8. S t r a t i f i e d  S e a l  Des ign  
DIMENSIONS I N  INCHES 
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F i g u r e  9. C e l l  T e r m i n a l  Sea l  
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F i g u r e  10. New I iOt1 Ring Gland 
Des ign  
The cove r  a s s e m b l y  fabr ica t ion sequence i s  based on the  s e a l  technique 
covered  in  the previous  pa r ag raph  and i s  i l lus t ra ted  in  the  fabricat iol  
sequence c h a r t s ,  F igu re  11, The complete  c e l l  c o r e ,  cove .-, and c &  
a s s e m b l y  p rocedure  i s  d i ag rammed  in  F igu re  1 11, 
2.9  BATTERY PACK 
2. 9. 1 Assembly  Configuration 
The  f ive -ce l l  ba t t e ry  pack is re ta ined in  posit ion with a four  t h r u -  
bolt end-plate l abora to ry  assembly .  The end pla tes  a r e  cons t ruc ted  f r o m  
0. 50 inch thiclil 6061 a luminum plate s tock,  anodized black,  
The individual c e l l  t e r m i n a l  polar i ty  or ienta t ion i s  a l t e rna ted  in the 
ba t t e ry  pack f o r  s e r i e s  e l e c t r i c a l  connection. A complete  s e t  of ba t t e ry  
a s s e m b l y  and component drawings  a r e  included in Appendix 11. 
2. 9 .  2 E l ec t r i c a l  Wiring 
The ba t t e ry  power wir ing and in te rce l l  connector  configuration is 
shown in  F igure  12. Power  connections f r o m  the  posit ive t e r m i n a l  of c e l l  
5 and negative t e r m i n a l  of c e l l  1 t o  the  ba t t e ry  connector  plug a r e  made  
with s i x  teflon insulated 20 AWG wi r e s .  The ce l l  and ba t t e ry  ins t rumenta -  
t ion wiring d i ag ram i s  i l lus t ra ted  in  drawing number  X3205978, Appendix 11. 
2. 9. 3 Connector Plug 
The 25-pin ba t t e ry  e l ec t r i c a l  connector .plug i s  mounted on a r e t a ine r  
end plate.  The connector  plug pin uti l izat ion i s  shown in F igu re  13. 
Figure 11. Fabrication Sequence Chart 
INTERCELL BUS BAR g 
\ u 
CELL 1 CELL 2 CELL 3 CELL 4 CELL 5 
Figu re  1 2 .  Ba t t e ry  Power  E l ec t r i c a l  
Connection Diagram 
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Figu re  13 .  \ Bat te ry  Connector 
Plug P i n  Utilization 
3 .0  NEW TECHNOLOGY 
3 . 1  ELECTROLYTE RESERVOIR 
3. 1. 1 E lec t rode-Elec t ro ly te  Interaction 
The zinc e lec t rode  i s  highly soluble i n  40 percent  potass ium hydroxide 
solution. The soluble zincate ion tends  t o  se lect ively  f o r m  in  the upper plate 
region because  of exces s  e lect rolyte  availability. The zincate then r ed i s -  
t r ibu tes  uniformly throughout the ce l l  and recombines  with the zinc e lect rode.  
The net  resu l t  of the se lect ive  dissolution and uniform recombination of zinc 
spec ies  i s  negative e lec t rode  shape change,  i. e. , act ive  zinc m a t e r i a l  tends  
t o  redis t r ibute  lower  on the  plate. The negative plate shape change reduces  
the  apparent  geomet r ica l  plate sur face  a r e a  and d e c r e a s e s  the usable  c e l l  
capacity. 
T ranspo r t  Zone 
Grea t e r  quanti tes of e lect rolyte  tend t o  move through the upper plate 
region during ce l l  operation because  ce l l  outgassing d e c r e a s e s  the  available 
e lect rolyte  volume in  the  plate a r e a .  The re fo re ,  e lect rolyte  i s  t r anspor ted  
upward into the  zone above the pla tes .  Regulation of the e lect rolyte  flow in  
the  t r anspo r t  zone i s  considered important  f o r  decreas ing  se lect ive  zinc 
dissolution and negative plate shape change. 
3. 1. 3 Improved Design 
A new sepa ra to r - f r ame  configuration h a s  been developed incorporat ing 
an e lect rolyte  r e s e r v o i r  with an  opening t o  the  top of the e lect rode.  The 
opening regulates  the  zone which excess  e lect rolyte  e n t e r s  o r  leaves  the  
upper  plate region. The r e s e r v o i r  i s  fo rmed  by a rectangular  f r a m e  posi -  
tioned above the  e lec t rode ,  a s  shown in F igu re  7. Resul ts  of the  single ce l l  
sc reen ing  t e s t s  indicate th is  design reduces  zinc plate shape change by 10 t o  
15 percen t ,  a s  shown in  Table 7.  
3 .  2 SEAL TECHNIQUE - STRATIFIED 
3. 2. 1 Cause of Seal Fa i lure  
The most  common cel l  s ea l  failure occurs  at the electr ical  te rminal  
cell  cover interface.  The conventional te rminal  sea l  consists of a flat ring 
gasket encapsulated with epoxy. Electrolyte leakage develops because 
epoxy i s  chemically degraded in the caustic environment and the plastic 
ring gasket tends to  cold flow, resulting in fai lure  of the terminal  seal .  
3.  2. 2 'Cover-to-Case Seal 
Typically, the plastic cell  cover and case a r e  sealed adhesively in a 
rigid joint. Seal integrity may be improved with the addition of a flexible 
elastomer layer  between rigid adhesive layers .  The elastomer layer  is 
solvent-welded to  the plastic cover and case ,  forming a flexible f i lm layer  
between them, a s  i l lustrated in Figure 14. This unique stratified sea l  pro- 
vides an added margin  of safety when mechanical f rac tures  of the rigid 
adhesive occur. 
3.  2. 3 Terminal-  Cover Seal 
The te rminal  s e a l  utilizes two new sealing methods,  modified "0" 
ring gland and stratified adhesive joint, a s  shown in Figure 9. The statified 
sea l  consists of alternating flexible elastomer and rigid adhesive layers  
between the meta l  te rminal  and plastic cover.  The elastomer i s  solvent 
welded to  the cover and terminal ,  then supported with rigid adhesive. The 
optimum number of e lastomer -adhesive layers  will depend on the particular 
application. The modified "0" ring gland sea l  utilizes two metal  te rminal  
and two plastic cover interfaces with the "0" ring mater ial .  Conventional 
gland designs incorporate one meta l  and three  plastic to  "0" ring interfaces.  
The modified design balances the interface surfaces and doubles the meta l  
te rminal  surface interface a rea .  
SOLVENT 
CASE WALL 
Figure 14. Case-to-Cover Seal 
4 .0  PROGRAM FOR NEXT REPORTING PERIOD 
4 .1  BATTERY FABRICATION 
4. 1. 1 Cell  Assembly 
The cel l  fabr icat ion sequence previously discussed in Paragraph  2.8.2 
will be utilized for  the 65 cel ls  required for Phase  111. The established cel l  
assembly assignment schedule includes 40 cells  fo r  deliverable battery fab-  
r ication and 25 cel ls  for  experimental  and engineering t e s t s ,  a s  shown in 
Table 9. 
4. 1. 2 Cell  Capacity Matching 
The average capacity of th ree  formation cycles  will be the bas i s  for  
categorizing cel ls  and the i r  subsequent assignment t o  a battery.  F o r m a -  
tion capacity categories  will be designated to  optimize bat tery performance 
for  extended cycle life. Cells will be incorporated into five-cell  bat tery 
assembl ies  af ter  format ion cycle testing. 
TABLE 9. CELL UTILIZATION SCHEDULE 
Engineering t e s t  
Experimental  t e s t  
4. 1. 3 Battery Configuration Options 
Six deliverable bat ter ies  will be fabricated with the two separa tor  
configuration options discussed in Paragraph 2. 5. 1. Option I incorporates 
an inorganic KT paper a s  a negative support member ,  and 193 PUDO cello- 
phane i s  used for  the support member  in Option 11. Each configuration option 
will be utilized in three  bat ter ies .  
4 . 2  BATTERY PERFORMANCE 
4. 2. 1 Capacity Testing 
Batteries will be subject to  two discharge capacity cycle tes ts .  The 
discharge cur rent  for  capacity tes t  I i s  5 ampere  constant with a 1. 30 volt 
per  ce l l  cutoff. Capacity t e s t  I1 discharge cur rent  will be 7. 2-ampere con- 
stant with a 1 volt per  cell  cutoff. The charge cur rent  for both tes t s  i s  1 
ampere  constant with an end charge voltage limit of 1. 98 volts per  cell. 
Volumetric gas generation measurements  will be conducted during t e s t s  I 
and 11. 
4. 2. 2 24-Hour Cycle Testing. 
After capacity testing, two bat ter ies  will be placed on the 24-hour 
cycle testing, one battery will be selected f rom each configuration option. 
The batteries will be subjected to  20 cycles ,  10 continuous cycles a t  
25 * 2' C,  followed by 10 cycles at  0 f 2 "  C. The final battery discharge capacity 
will be determined following the low temperature continuous cycling test .  
The 24-hour cycle regime charge period i s  23 hours with a 1 ampere  con- 
stant potential charge voltage of 1. 98 volts per cel l  and cur rent  cutoff of 
160 mil l iamperes ,  followed by a reduced charge potential of 1.87 volts pe r  
cell. The discharge current  i s  7. 2 amperes  for a 1 hour period. The tes t -  
ing program summary i s  detailed in Appendix 111. 
4. 2. 3 Gas Evolution Analvsis 
Volumetric gas evolution data will be recorded for  the 24-hour cycle 
testing. Based on the rate  of oxygen and hydrogen evolution and recombina- 
tion, the maximum internal cel l  p ressure  will be determined. Battery cycling 
modifications will be recommended for  minimizing internal cell  p re s su re  
based on the gas evolution analysis. 
4 .3  ENCAPSULATED CELL FEASIBILITY STUDY 
4. 3. 1 Design Goal 
The objective of this study i s  t o  evaluate the feasibility of eliminating 
the ce l l  case  altogether by encapsulating the cell  s tack with epoxy. The 
encapsulated case design, if feasible,  would simplify cel l  construction a s  
well a s  improve the plate and separa tor  interface geometry. 
4. 3, 2 Cel l  Fabr ica t ion  
T h r e e  prototype ce l l s  wil l  be  const ructed f o r  evaluation of the  c a s e  
des ign,  a s  shown in F igu re  15. The advantages of th i s  des ign  would be a s  
follows: 
1) Lightweight cons t ruc t ion  
2) Simplici ty of fabr ica t ion 
3 )  Reduced c a s e  cos t  
4) No c a s e  d ra f t  angle ,  p l a t e - s epa ra to r  in te r face  optimized 
The ce l l  c o r e  i s  sandwiched between two plas t ic  shee t s  and ep0x.y 
encapsula ted around the edges ,  a s  shown in F igu re  16. 
4. 3. 3 Evaluation 
The ce l l  capaci ty  t e s t s  wi l l  be pe r fo rmed  on t he  prototype ce l l s  a f t e r  
e lec t rochemica l  format ion.  The following operat ing c h a r a c t e r i s t i c s  wil l  be 
evaluated: 
1) Discharge capaci ty  uniformity 
2) Cel l  voltage per fo rmance  
3) Elect rolyte  leakage 
4) Cel l  c a s e  s t r u c t u r a l  integri ty 
P e r f o r m a n c e  da ta  and photographs wil l  be repor ted  in  the f inal  t ech-  
n ica l  r epo r t  f o r  th i s  p rogram.  
4 . 4  PROGRAM SCHEDULE 
4.4, 1 P r o g r a m  Delav 
The p r o g r a m  schedule h a s  been delayed by up t o  90 days  t o  accommo-  
da te  a n  unexpected delay in the  NASA-GSFC ba t t e ry  plate p rocurement .  The 
plate manufac tu re r  is undergoing a plant re locat ion and ,  t h e r e f o r e ,  is incur  - 
r ing  a sl ippage i n  the  de l ive ry  schedule.  
All  work on the  p r o g r a m  will  be t e rmina ted  on June 30,  1970 f o r  up to 
90 days.  
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4.4. 2 Revised P r o g r a m  Miles tones  
Fabr ica t ion  of c e l l  components scheduled to  commence July 1 m a y  be 
rev i sed  t o  a s  late a s  October 1. The complete revised p r o g r a m  schedule i s  
shown in F igu re  17. The p r o g r a m  completion date may be de fe r r ed  a s  much 
a s  90 days  to M a r c h  31, 1971. 
F igu re  17. Revised P r o g r a m  Schedule 
5 . 0  RECOMMENDATIONS AND CONCLUSIONS 
Recommendations and conclusions will be deferred until the next 
reporting period. 
APPENDIX I 
P L A T E  SPECIFICATIONS 
REQUIREMENTS F O R  UNFORMED ZINC OXIDE P L A T E S  
F O R  AEROSPACE APPLICATION 
GSFC SPECIFICATION 
1 . 0  S C O P E  
An unfo rmed  z inc  oxide p l a t e  f o r  a e r o s p a c e  app l i ca t ion  i s  c o v e r e d  
wi th in  t h i s  r e q u i r e m e n t .  
2. 0  A P P L I C A B L E  DOCUMENTS 
2. 1  T h e  following d o c u m e n t s ,  of the  i s s u e  i n  e f fec t  o n  t h e  d a t e  of 
inv i ta t ion  f o r  b ids  o r  r e q u e s t  f o r  p r o p o s a l ,  f o r m  a p a r t  of t h i s  spec i f i ca t ion  
t o  t he  ex t en t  spec i f i ed  h e r e i n .  
STANDARDS 
M i l i t a r v  
MIL-STD -105 Sampl ing  P r o c e d u r e s  and T a b l e s  f o r  
I n s p e c t i o n  by 'A t t r ibu te s .  
MIL-STD-202  T e s t  M e t h o d s  f o r  E l e c t r o n i c  and 
E l e c t r i c a l  Componen t  P a r t s  
M I L  -STD -454 S t a n d a r d  G e n e r a l  R e q u i r e m e n t s  f o r  
E l e c t r o n i c  Equ ipmen t ,  
MIL-STD-810  E n v i r o n m e n t a l  T e s t  Me thods  f o r  A e r o -  
s p a c e  and  G r o u n d  Equ ipmen t .  
DRAWINGS 
NASAIGoddard S p a c e  F l i g h t  C e n t e r  
3 . 0  REQUIREMENTS 
I n  g e n e r a l ,  d r y ,  u n f o r m e d ,  5. 5  amp-11r z inc  oxide p l a t e  i s  r e q u i r e d  
f o r  u s e  i n  a 12 a m p - h r  nominal  capac i ty  s i l v e r  z inc  ce l l .  T h i s  c e l l  wil l  
c o n s i s t  of s ix  pos i t i ve  and s e v e n  negat ive  p l a t e s .  
3. 1 P h y s i c a l  R e q u i r e m e n t s  - P l a t e s  s h a l l  b e  i n  c o n f o r m a n c e  wi th  
NASA /Goddard  D r a w i n g  
P l a t e  D i m e n s i o n s  
Width 
Height  
T h i c k n e s s  
C o r n e r s  
2.  500 * 0. 030 i n c h e s  
3.  800 i 0.030 i n c h e s  
0. 033 i 0. 002 i n c h  
S q u a r e  
Z i n c  oxide  98  p e r c e n t  14. 53 g r a m s  
M e r c u r i c  oxide 2 p e r c e n t  0. 30  
T o t a l  a c t i v e  m i x  100  p e r c e n t  14. 83 * 0. 10 g r a m s  
5  Ag 5-210 expanded g r id  1. 00 It 0. 05 
Ag w i r e ,  4 e a c h  0 . 3 4  * 0 . 0 5  
F i n i s h e d  p l a t e  weight  16. 17  * 0. 20 g r a m s  
P l a t e  m a n u f a c t u r e r  wil l  i n s p e c t  p l a t e s  100  p e r c e n t  and lo t  
p lo t  e a c h  of the  fol lowing weights :  
G r i d  we igh t s  
C o r e  S t r u c t u r e  (i. e. , gr id  and t a b )  
F i n i s h e d  p l a t e  
P l a t e s  m u s t  b e  ident i f ied i n  t h r e e  g r o u p s  a c c o r d i n g  t o  weight :  
L = X - (3 t o  5 p e r c e n t )  
- 
N = X * 3 p e r c e n t  
H = t (3 t o  5  p e r c e n t )  
3. 1 . 3  - T h e  d e n s i t y  of z i n c  oxide s h a l l  be  47. 5  g r a m s  p e r  
cub ic  inch.  
3 .  1. 4 P l a t e  E l e c t r i c a l  Connect ions  - A w i r e  t y p e  of e l e c t r i c a l  c o n -  
nec t ion  i s  r e q u i r e d .  T h e s e  w i r e s  s h a l l  extend f r o m  t h e  t o p  of t h e  negat ive  
p l a t e  1, 85 -+ 0, 10 i n c h e s  and s h a l l  b e  f o u r  c o n d u c t o r s ,  0, 016 inch  i n  
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Figure  I- 1. Zinc Oxide P la te  
d i a m e t e r .  T h e  w i r e  m a t e r i a l  used f o r  th i s  t a b  sha l l  b e  99. 9 p e r c e n t  p u r e  
s i l v e r  m i n i m u m  and s h a l l  be i n  the  "full anneal"  condition. T h e  t a b  sha l l  b e  
a t tached t o  the s i l v e r  EXMET- type  gr id  of the  negative p la te  ut i l izing 
local ized  coining of the  p la te  and a capaci t ive  spot  weld. Ev idence  of opti-  
m u m  weld p r o c e s s  condit ions sha l l  b e  avai lable  f o r  r e v i e w  by GSFC 
personne l .  
3 . 1 . 5  - The  suppor t ing  s t r u c t u r e  of the  negative 
p la te  s h a l l  b e  p e r c e n t  s i l v e r ,  p i e r c e d  and expanded 
0. 105 * 0. 005 g r a m s  p e r  s q u a r e  inch,  Exmet - type  g r i d ,  The  gr id  sha l l  be  
2. 500 inches  by 3. 800 inches .  
3. 2 Chemica l  R e q u i r e m e n t s  
3. 2. 1 Z inc  Oxide P o w d e r  - The  zinc oxide powder  sha l l  b e  equivalent  
t o  A. C. S. r e a g e n t  g r a d e  i n  pur i ty .  P a r t i c l e  s i z e  sha l l  b e  s u c h  tha t  t h i s  
powder  h a s  been  thoroughly t e s t ed  in  the b a t t e r y  m a n u f a c t u r e r ' s  n o r m a l  
accep tance  p r o c e d u r e s ,  which  sha l l  include evidence of s u c c e s s f u l  opera t ion  
of s i l v e r - z i n c  ce l l s  manufac tu red  f r o m  th i s  powder. T h i s  evidence ,  i n  the  
f o r m  of engineer ing  o r  qual i ty  con t ro l  r e c o r d s ,  s h a l l  b e  m a d e  ava i l ab le  t o  
GSFC personne l ,  upon reques t .  
3. 2. 2 M e r c u r i c  Oxide  - The  m e r c u r i c  oxide used i n  the  negative 
p la te  sha l l  b e  A. C. S. r e a g e n t  g r a d e  pur i ty .  It sha l l  b e  used t o  m a k e  up 
2 p e r c e n t  of the  to ta l  ac t ive  mix weight. 
3. 2 .3  E x m e t - T y p e  Gr id  - T h e  s i l v e r  Exmet - type  g r id  used i n  neg- 
a t ive  e l e c t r o d e s  sha l l  b e  99. 9 p e r c e n t  s i l v e r ,  with no s ing le  m e t a l l i c  o r  
nonmeta l l ic  impur i ty  exceeding 500 ppm. 
3 . 3  E l e c t r i c a l  R e q u i r e m e n t s  
3. 3. 1 Capaci ty  - Individual negative p l a t e s  s h a l l  d e l i v e r  a m i n i m u m  
capac i ty  of 4. 4 a m p - h r  when d i scharged  at the  one hour  rate at 25°C. P r i o r  
t o  d i s c h a r g e ,  negative p l a t e s  s h a l l  be  charged a t  25OC by constant  c u r r e n t  
of 21 m a / i n .  2 f o r  21 h o u r s .  
3. 3. 2 C u r r e n t  Dens i ty  - T h e  pla te  specif ied h e r e i n  m u s t  o p e r a t e  a t  
t h e  following des ign  points :  
a) C h a r g e  6. 0 t o  10. 0 m a l i n  L 
b D i s c h a r g e  60 t o  100 m a / i n  2 
3 . 3 . 3  Depth-of-Discharge  - T h e  b a t t e r y  into which t h e  p l a t e s  of th i s  
speci f ica t ion  wil l  b e  incorpora ted ,  wi l l  o p e r a t e  be tween a 40 and 60 p e r c e n t  
depth-of  -d i scharge .  T h e  d i s c h a r g e  c u r r e n t  dens i ty  f i g u r e s  of 3. 3:2 r e f l ec t  
t h i s  depth-of  -d ischarge .  
3,4 Qua l i ty  R e q u i r e m e n t s  
3 , 4 , 1  - All  nondes t ruc t ive ly  d e t e r m i n e d  v a r i a b l e s  s h a l l  
b e  m e a s u r e d  on  a  100  p e r c e n t  s a m p l i n g  b a s i s .  T h e  fol lowing v a r i a b l e s  s h a l l  
b e  m e a s u r e d :  
1 )  P l a t e  t h i c k n e s s ,  he igh t ,  and width 
2 )  E x m e t - t y p e  g r i d  weight  
3 T o t a l  p l a t e  weight  
4  Act ive  m i x  weight ,  by d i f f e r ence .  
Ind iv idua l  p l a t e  i den t i f i ca t ions  need not b e  ma in t a ined  ; h o w e v e r ,  a 
f r e q u e n c y  d i s t r i b u t i o n  p lo t ,  o r  equ iva l en t  t a b u l a r  s t a t i s t i c a l  i n fo rma t ion ,  
s h a l l  be  submi t t ed  f o r  a l l  v a r i a b l e s  m e a s u r e d .  E v i d e n c e  of r e j e c t i o n  of 
p l a t e s  fa l l ing  ou t s ide  t h e  t o l e r a n c e  l i m i t s  f o r  any  v a r i a b l e ,  s h a l l  b e  p rov ided  
b y  t h e  s u p p l i e r  t o  GSFC.  
3 . 4 ,  2  Manufac tu r ing  L o t  - A l l  nega t ive  p l a t e s  suppl ied  s h a l l  b e  
f a b r i c a t e d  f r o m  not m o r e  t h a n  t h r e e  m i x  b a t c h e s  of a c t i v e  m a t e r i a l .  D o c u -  
m e n t a t i o n  s h a l l  b e  ava i l ab l e  f o r  r e v i e w  by GSFC t o  a t t e s t  t h a t  not m o r e  t h a n  
t h r e e  a c t i v e  m a t e r i a l  m i x  b a t c h e s  a r e  used .  Cop ie s  of t h i s  d o c u m e n t a t i o n  
s h a l l  b e  s e n t  t o  GSFC upon r e q u e s t .  
3 . 5  E n v i r o n m e n t a l  R e q u i r e m e n t s  
3 .  5. 1  O p e r a t i n g  T e m p e r a t u r e  Range  - T h e  nega t ive  p l a t e s  s h a l l  b e  
des igned  and f a b r i c a t e d  f o r  o p t i m u m  p e r f o r m a n c e  wi th in  t h e  t e m p e r a t u r e  
r a n g e  of 30 t o  100°F .  
3 .  5. 2  E l e c t r o l y t e  - P l a t e s  s h a l l  be  m a n u f a c t u r e d  f o r  o p t i m u m  p e r -  
f o r m a n c e  i n  40 p e r c e n t  weight ,  KOH solut ion.  
4. 0  T E S T S  
4. 1  P h v s i c a l  
4. 1. 1  D i m e n s i o n s  - All p l a t e  d i m e n s i o n s ,  p a r t i c u l a r l y  t h i c k n e s s ,  
h e i g h t  and width s h a l l  b e  m e a s u r e d  on  a  100 p e r c e n t  s a m p l i n g  b a s i s  t o  show 
c o n f o r m a n c e  t o  P a r a g r a p h  3. 1. 1 ,  and GSFC D r a w i n g  M e a s u r e m e n t  d a t a  
s h a l l  b e  r e c o r d e d  and  p r e s e n t e d  t o  GSFC i n  e i t h e r  t a b u l a r  f o r m  o r  i n  the  
f o r m  of a  f r e q u e n c y  d i s t r i b u t i o n  c u r v e  f o r  e a c h  d i m e n s i o n  m e a s u r e d .  
4. 1 . 2  - E x m e t - t y p e  g r i d s  and comple t ed  p l a t e s  s h a l l  b e  
weighed and t h e  d a t a  r e c o r d e d  t o  dernons t . ra te  c o n f o r m a n c e  t o  Para-  
g r a p h  3. 1. 2. Weights  s h a l l  be  d e t e r m i n e d  by 100 p e r c e n t  s a m p l i n g  with the  
d a t a  submi t t ed  t o  GSFC a s  d e s c r i b e d  i n  P a r a g r a p h  4, 1. 1. 
4, 2 Chemica l  
4. 2 .  1 Zinc  Oxide - A rece iv ing  inspect ion  lo t  a n a l y s i s  r e c o r d  will  
s u f f i c e  t o  d e m o n s t r a t e  conformance  t o  P a r a g r a p h  3.  2. 1. A c e r t i f i c a t e  of 
conformance  wil l  b e  accep tab le  only if t race>bi i i ty  t o  the  m a t e r i a l  s u p p l i e r ' s  
ana ly t i ca l  r e c o r d s  c a n  b e  es tabl i shed.  
4. 2 .  2 M e r c u r i c  Oxide - A receiv ing inspect ion  lot a n a l y s i s  r e c o r d  
wil l  suf f ice  t o  d e m o n s t r a t e  conformance  t o  P a r a g r a p h  3 .  2. 2. A ce r t i f i ca te  
of conformance  wil l  b e  acceptable  only if t r aceab i l i ty  t o  the  m a t e r i a l  
s u p p l i e r ' s  analy t ica l  r e c o r d s  c a n  b e  es tabl i shed.  
4, 2 .  3 Grid  - A rece iv ing  inspec t ion  lo t  a n a l y s i s  r e c o r d  wil l  suff ice 
t o  d e m o n s t r a t e  conformance  t o  P a r a g r a p h  3 .  2. 3.  A cer t i f i ca te  of con-  
f o r m a n c e  wi l l  b e  acceptable  only if t r a c e a b i l i t y  to  the  m a t e r i a l  s u p p l i e r ' s  
ana ly t i ca l  r e c o r d s  can  be  es tabl i shed.  
5 .0  PREPARATION FOR DELIVERY 
5. 1 Packag ing  - F o u r  p la te s  shal l  b e  s tacked t o g e t h e r  with p ieces  
of c a r d b o a r d  0. 075 t o  0. 100 inch th ick  in te r l eaved  between p l a t e s ,  with one 
p i e c e  of ca rdboard  o v e r  e a c h  o u t e r  p la t e  i n  the  s tack .  The  width and height  
of the  ca rdboard  sha l l  b e  equivalent  o r  s l ight ly  l a r g e r  than  tha t  of the  p la tes .  
T h e  p l a t e - c a r d b o a r d  sandwich sha l l  b e  wrapped with adhes ive  coated  g l a s s  
t ape ,  two w r a p s  widthwise,  one w r a p  heightwise.  P l a t e s  s h a l l  b e  posi t ioned 
i n  the  shipping con ta ine r  s u c h  tha t  they r i d e  on edge r a t h e r  t h a n  flat.  Zinc  
p l a t e s  s h a l l  b e  shipped with the Viskon r e t a i n e r  intact .  
5. 2 Identif icat ion - E a c h  shipping conta iner  sha l l  b e  e x t e r n a l l y  
identified with the  following identif icat ion:  
1)  GSFC drawing  number  
2 S e l l e r ' s  p a r t  n u m b e r  
3 D a t e  of comple t ion  of m a n u f a c t u r e  
4) Manufactur ing  l o t  number  
5)  GSFC con t rac t  number  of p u r c h a s e  o r d e r  number  
5. 3 In fo rmat ion  L a b e l  - In  a conspicuous  p lace  n e a r  the  a d d r e s s  
l abe l ,  t he  following in fo rmat ion  shal l  b e  plainly v is ib le  on the  shipping 
conta iner .  
Attention: Th i s  box conta ins  f r a g i l e  b a t t e r y  p la tes .  Do not open 
without f i r s t  contact ing GSFC Techn ica l  Moni tor .  
6 . 0  QUALITY ASSURANCE PROVISIONS 
6. 1  G e n e r a l  - T h e  m a t e r i a l s ,  p r o c e s s e s  and a s s e m b l y  t e c h n i q u e s  
used  t o  f a b r i c a t e  t h e  h a r d w a r e  c o v e r e d  by  t h e s e  r e q u i r e m e n t s  s h a l l  b e  s u b -  
j e c t  t o  e x t e n s i v e  i n s p e c t i o n  by  both  t h e  s e l l e r  and b; GSFC. 
6. 2 I n s p e c t i o n  
6 .  2, 1 S e l l e r  I n s p e c t i o n  - P r o d u c t  qua l i t y  a s s u r a n c e  s h a l l  b e  p r o -  
vided by a  s e r i e s  of i n - p r o c e s s  i n s p e c t i o n s  c o m m e n c i n g  wi th  the r e c e i p t  of 
r a w  m a t e r i a l s  and p a r t s  cont inuing t h r o u g h  t h e  f in i shed  p roduc t .  S e l e c t e d  
in spec t ion  po in t s  s h a l l  h a v e  the  a p p r o v a l  of GSFC. A r e c o r d  s h a l l  b e  m a i n -  
t a ined  of all i n s p e c t i o n  and b e  s u b j e c t  to  r e v i e w  by  GSFC.  
6. 2. 2 GSFC S o u r c e  Inspec t ion  - Goddard  S p a c e  F l i g h t  C e n t e r  s h a l l  
at i t s  op t ion  p r o v i d e  i n s p e c t i o n  t o  adequa te ly  m o n i t o r  t h e  S e l l e r ' s  qua l i t y  
c o n t r o l  e f f o r t  inc luding  i n - p r o c e s s  i n s p e c t i o n  and i n - p r o c e s s  t e s t s .  T h e  
c o m p l e t e  h a r d w a r e  m a y  b e  s o u r c e  in spec t ed  by  GSFC t o  a s s u r e  t h a t  t h e  
p r o d u c t  c o n f o r m s  t o  a l l  t h e  r e q u i r e m e n t s  spec i f i ed  i n  app l i cab le  d r a w i n g s  
l i s t e d  above. 
6. 2. 3 R e j e c t e d  A s s e m b l i e s  - R e j e c t e d  a s s e m b l i e s  s h a l l  not b e  
r e s u b m i t t e d  f o r  a p p r o v a l  without  f u r n i s h i n g  ful l  p a r t i c u l a r s  conce rn ing  t h e  
r e j ec t ion ,  t he  m e a s u r e  t a k e n  t o  o v e r c o m e  t h e  d;fects and t h e  p reven t ion  of 
f u t u r e  o c c u r r e n c e .  E a c h  r e j e c t e d  a s s e m b l y  o r  p a r t  s h a l l  b e  ident i f ied b y  a  
s e r i a l i z e d  r e j e c t i o n  tag.  T h i s  r e j e c t i o n  t a g  s h a l l  not b e  r e m o v e d  unt i l  
r e w o r k  r e q u i r e m e n t s  h a v e  b e e n  compl i ed  with,  and t h e  t a g  s h a l l  b e  r e m o v e d  
only by,  o r  i n  t h e  p r e s e n c e  of, a n  au tho r i zed  r e p r e s e n t a t i v e  of GSFC. 
REQUIREMENTS F O R  UNFORMED SILVER P L A T E S  
F O R  AEROSPACE APPLICATION 
GSFC SPECIFICATION 
1 .0  S C O P E  
A n  unfo rmed  p l a t e  f o r  a e r o s p a c e  app l i ca t ion  i s  cove red  wi th in  t h i s  
r e q u i r e m e n t .  
2 . 0  A P P L I C A B L E  DOCUMENTS 
2. 1  T h e  fol lowing d o c u m e n t s ,  of t h e  i s s u e  i n  e f fec t  o n  t h e  d a t e  of 
inv i ta t ion  f o r  b i d s  o r  r e q u e s t  f o r  p r o p o s a l ,  f o r m  a p a r t  of t h i s  s p e c i f i c a t i o n  
t o  the  ex t en t  spec i f ied  h e r e i n .  
STANDARDS 
M i l i t a r y  
MIL-STD-105  Sampl ing  P r o c e d u r e s  and T a b l e s  f o r  
I n s p e c t i o n  by  A t t r i b u t e s  
MIL -STD -202 T e s t  M e t h o d s  f o r  E l e c t r o n i c  and 
E l e c t r i c a l  Componen t  P a r t s  
MIL -STD -454 S t a n d a r d  G e n e r a l  R e q u i r e m e n t s  f o r  
E l e c t r o n i c  E q u i p m e n t  
MIL  -STD-810 E n v i r o n m e n t a l  T e s t  Me thods  f o r  
A e r o s p a c e  and Ground Equ ipmen t .  
DRAWINGS 
NASA/Goddard  S p a c e  F l i g h t  C e n t e r  
3 . 0  REQUIREMENTS 
I n  g e n e r a l ,  a  s i n t e r e d ,  un fo rmed  .2. 2  a m p - h r  nomina l  c a p a c i t y  s i l v e r  
p l a t e  i s  r e q u i r e d .  T h i s  p l a t e  wi l l  b e  u sed  i n  a h i g h  cyc le  l i f e  s i l v e r  z i n c  
b a t t e r y .  T h e  d e s i g n  goa l  f o r  c y c l e  l i f e  i s  270 c y c l e s  w i th  a  60 p e r c e n t  d e p t h -  
o f - d i s c h a r g e  a t  t h e  1 h o u r  r a t e .  T h e  c h a r g e  t i m e  wi l l  b e  i n  t h e  r a n g e  of 
1 2  t o  16 h o u r s .  

3 .1  - P l a t e s  sha l l  be  in  conformance with 
NASA Goddard Drawing 
3. 1. 1 P l a t e  Dimens ions  
Width 2.500 ?C 0.030 inches  
Height  3. 800 * 0.030 inches  
Thickness  0.012 -11: 0. 001 inch 
C o r n e r s  0. 125 + 0.010 inch typical  m a x i m u m  
rad ius  
P l a t e  Weight 
Active Si lver  7.60 * 0. 10 g r a m s  
.%, 
Total  P l a t e  9. 05 -1: 0. 10 grams".  
:kActive s i lve r ,  g r id ,  and tab. 
P l a t e  weight will be controlled a s  follows: 
Weigh gr id  in  shee t s  s ized to  make s i x  plates.  Weigh 
100 pe r cen t  and re jec t  outside of range X * 3 percen t .  
Lot plot m e a s u r e d  weights. 
Weigh s in te red  blanks 100 percent .  L o t  plot group into L, 
N ,  and H groups  using above categor ies .  Re jec t  al l  blanks 
outside range  of X * 5 percent .  
Spotweld r ibbon t o  plate. Inspect  for  d imess ions  and weld 
integri ty.  P a i n t  weld with epoxy and cure .  Measu re  finished 
plate weight. Lo t  plot. 
3 .  1. 3 P l a t e  Dens i ty  - The  densi ty  of the  s i l ve r  plate shal l  be 
74 gmIin3.  
3. 1. 4 P l a t e  E l ec t r i c a l  Connection - A t ab  type of e l e c t r i c a l  connec-  
t ion  is required.  This  t ab  shal l  extend f r o m  the top of the negative plate 
1. 85 * 0. 10 inches  and shal l  be 0. 094 * 0. 005 inch wide by 0. 005 It 0.0005 inch 
thick. The s t r i p  m a t e r i a l  used for  th i s  t ab  shal l  be  99. 9 pe r cen t  pu re  s i l ve r  
m in imum and shal l  be  in  the  "full anneal ' '  condition. The  tab  shall  be  
at tached to  the  s i l ve r  EXMET-type grid of the  negative plate utilizing 
local ized coining of the plate and a capacit ive spot  weld. Evidence of opti-  
m u m  weld p r o c e s s  conditions shal l  be  available f o r  review by GSFC 
personnel .  
3. 1. 5 EXMET-Type Grid - The  support ing s t r u c t u r e  of the  negative 
pla te  shall  be  5 Ag 8-1  10, 99. 9 pe rcen t  s i l ve r ,  p ie rced  and expanded, 
0. 125 * 0. 006 gm/inZ, EXMET-type grid.' The grid shal l  be 2. 500 by 
3. 800 inches.  
3 .  2. 1 S i lve r  Powde r  - The s i l v e r  powder used f o r  posit ive e l e c -  
t r o d e s  sha l l  be  99. 9 pe r cen t  pu re  s i lve r ,  with no single me t a l l i c  o r  non- 
me t a l l i c  impur i t y  exceeding 500 ppm. 
3. 2. 2 Grid - The  s i l v e r  Exmet - type  gr id  used i n  posit ive e lec t rodes  
sha l l  be  99. 9 pe r cen t  p u r e  s i l ve r ,  with no single meta l l i c  o r  nonmetall ic  
impur i ty  exceeding 500 ppm. 
3 .3  E l e c t r i c a l  Requi rements  
3 .  3. 1 Capaci ty  - Individual posit ive p la tes  sha l l  de l i ve r  a min imum 
capacity of 2. 10 a m p - h r  when discharged a t  the  one hour  r a t e  a t  25°C. 
P r i o r  t o  d i s cha rge ,  posit ive p la tes  shal l  be charged a t  25" C by constant  
c u r r e n t  charge  a t  6 .5  m a / i n 2  to  1. 98 volts with r e spec t  t o  a p a i r  of zinc 
pla tes .  Charge  and d i s cha rge  sha l l  be  pe r fo rmed  agains t  two z inc  pla tes ,  
each equal in  a r e a  t o  t h e  s i l ve r  plate. The ampe re -hou r  capaci ty  of the 
p a i r  of z inc  p la tes  shal l  exceed the s i l ve r  p la te ' s  capacity by a t  l e a s t  
50 percent .  
3.3. 2 C u r r e n t  Densi ty  - The  plate specified h e r e i n  m u s t  opera te  a t  
the  following des ign  points: 
1) Charge  6. 0 to 10. 0 m a / i n  2 
2) D i scha rge  60. t0  100 m a / i n  2 
3. 4 Quali tv Reau i rements  
3.4. 1 Inspection - All non-destructively determined var iab les  sha l l  
be  measu red  on a 100 pe r cen t  sampl ing bas is .  The following var iab les  
sha l l  be measu red :  
P l a t e  th ickness  , height ,  width. 
Grid weight fo r  s ix  p la te  assembly.  
Sintered pla te  blank weight. 
Compute act ive  m a t e r i a l  weight based upon t h e  m e a s u r e d  m e a n  grid 
weight f o r  each  s ix-pla te  b iscui t  group. 
Re fe r  to Sect ion 3. 1. 2 f o r  f u r t he r  desc r ip t ion  of m e a s u r e m e n t s  
required.  
Individual p la te  identif icat ions need not be  mainta ined;  however ,  a 
f requency dis t r ibut ion plot,  o r  eqtiivalent t abu la r  s t a t i s t i ca l  
information,  sha l l  be  submitted for  a l l  va r iab les  measu red ,  
Evidence,  of re jec t ion  of p la tes  falling outside the to le rance  l im i t s  
fo r  any var iab le ,  shal l  be  provided by the  suppl ier  to GSFC. 
3. 4. 2 - All posit ive pla tes  shal l  b e  fabr ica ted 
f r o m  only one lot  of act ive ma te r i a l .  One m i x  batch of s i l ve r  powder and 
one lo t  of r e s i n  will consti tute one lot  of act ive ma te r i a l .  Documentation 
shal l  be  avai lable  f o r  review by GSFC to at test  that  only one act ive  m a t e -  
r i a l  m i x  batch is used. Copies of th is  documentation shal l  be  sen t  to  GSFC 
upon request .  
3. 5 Environmental  Requi rements  
3. 5. 1 Operat ing T e m p e r a t u r e  Range - The  posit ive p la tes  shall  be  
designed and fabr ica ted fo r  opt imum per formance  within the  t empe ra tu r e  
range  of 30 to 100°F.  
3 .  5. 2 E lec t ro ly te  - P l a t e s  shal l  be manufactured fo r  optimum 
pe r fo rmance  i n  40 percen t  weight KOH solution, 
4. 0 TESTS 
4. 1 Phvs i ca l  
4. 1. 1 Dimensions  - All plate d imensions ,  pa r t i cu l a r l y  th ickness ,  
height ,  and width shall  be  measu red  on a 100 percen t  sampl ing b a s i s  t o  
show conformance t o  P a r a g r a p h  3. 1. 1, and GSFC Drawing Measurement  
da t a  shal l  be  recorded and presen ted  to  GSFC in  e i the r  t abu la r  f o r m  o r  i n  
the  f o r m  of a frequency dis t r ibut ion curve  fo r  each dimension measu red .  
4. 1. 2 Weight - Exmet  -type g r i d s  and completed p la tes  shal l  be  
weighed and the  da ta  recorded  to demons t r a t e  the conformance t o  
P a r a g r a p h  3. 1. 2. Weights sha l l  be  determined by 100 p e r c e n t  sampling 
with the  da t a  submitted to  GSFC a s  desc r ibed  i n  P a r a g r a p h  4. 1. 1. 
4. 2 Chemical  
4. 2. 1 S i lve r  Powder  - A receiving inspection lot  ana lys i s  record  
wil l  suffice to  demons t r a t e  conformance to  P a r a g r a p h  3. 2. .  1. A cer t i f ica te  
of conformance will be acceptable only if t r aceab i l i ty  to  the  m a t e r i a l  
supp l i e r ' s  analytical  r e c o r d s  c a n  b e  established.  
4. 2. 2 Grid - A receiving inspection lo t  ana lys i s  r e co rd  will suffice 
t o  demons t r a t e  conformance to P a r a g r a p h  3. 2. 1. A ce r t i f i ca te  of con-  
f o rmance  will be  acceptable  only if t r aceab i l i ty  to  t he  m a t e r i a l  supp l i e r ' s  
analyt ica l  r e c o r d s  c an  be  established.  
5 .0  PREPARATION FOR DELIVERY 
5. 1 Packaging - Thir ty- two pla tes  shal l  be stacked together  with 
two s im i l a r l y  sized piece of 0. 075 to  0. 100 inch ca rdboard  on each  end of 
the  s tack.  Adhesive coated g l a s s  t ape  shal l  be  wrapped around the  outside 
of th i s  sandwich, a t  l e a s t  two wraps  i n  s epa ra t e  places  in  the 2. 1 inch 
widthwise di rect ion and one wrap  i n  the  3 .  1 inch height direction.  Glass  
taped,  cardboard -plate sandwiches shall  then be  placed in wooden shipping 
containers .  Not m o r e  than one- thi rd  of the total number of p la tes  o rdered  
shal l  be placed into any one wooden shipping container.  
5. 2 Identification - E a c h  shipping container shal l  be external ly  
identified with the following identification: 
.1) GSFC drawing number 
2)  S e l l e r ' s  p a r t  number  
3) Date  of completion of manufacture  
4 Manufacturing lot  number 
5)  GSFC contract  number  of purchase  o rde r  number 
5.3 Information Label  - In a conspicuous place near  the  a d d r e s s  
label ,  the following information shall  be  plainly visible on the shipping 
container:  
Attention: This  box contains f ragi le  ba t te ry  pla tes .  Do not 
open without f i r s t  contacting GSFC Technical  
Monitor 
6 .0  QUALITY ASSURANCE PROVISIONS 
6. 1 General  - The m a t e r i a l s ,  p roces se s  and a s  sembly techniques 
used to  fabr icate  the ha rdware  covered by these  requ i rements  shal l  be  subject  
to  extensive inspection by both the Se l le r  and by GSFC. 
6 .2  Inspection 
6. 2. 1 Se l le r  Inspection - Produc t  quality a s su rance  shal l  be  provided 
by a s e r i e s  of i n -p roces s  inspections commencing with the  rece ip t  of raw 
m a t e r i a l s  and p a r t s  continuing through the  finished product. Selected inspec-  
tion points shal l  have the approval of GSFC. A record  shall  be maintained of 
a l l  inspection and be subject  to rev iew by GSFC. 
6. 2. 2 GSFC Source  Inspection - Goddard Space Fl ight  Cente r  shall  
a t  i t s  option provide inspection to adequately moni tor  the  S e l l e r ' s  quality 
control  effort  including i n -p roces s  inspection and i n -p roces s  t es t s .  The 
complete  ha rdware  m a y  be sou rce  inspected by GSFC to  a s s u r e  that  the  
product  conforms to a l l  the requ i rements  specified i n  applicable drawings  
l i s ted above. 
6 .  2. 3 - Rejected  a s s e m b l i e s  sha l l  not b e  
r e  submit ted  f o r  a p p r o v a l  without fu rn i sh ing  ful l  p a r t i c u l a r s  concern ing  the  
r e j ec t ion ,  the  m e a s u r e  t a k e n  t o  o v e r c o m e  t h e  d e f e c t s  and the  p reven t ion  of 
f u t u r e  o c c u r r e n c e .  E a c h  re jec ted  a s s e m b l y  o r  p a r t  sha l l  be identif ied by a 
s e r i a l i z e d  r e j e c t i o n  tag. T h i s  r e j ec t ion  t a g  s h a l l  not b e  r emoved  unti l  
r e w o r k  r e q u i r e m e n t s  have  been  complied with and t h e  tag sha l l  b e  r emoved  
only by,  o r  i n  t h e  p r e s e n c e  of, a n  author ized  r e p r e s e n t a t i v e  of GSFC. 
A P P E N D I X  I1 
F I V E - C E L L ,  1 2  A M P - H R  S I L V E R - Z I N C  B A T T E R Y  DRAWINGS 
.
3
5
0
1
 
-
 
I= 
I A
! 
.
o
/o
 T
O~
LI
 
D
E
7
i4
/L
 B
 
F
O
R
 -
2
 O
N
LY
 
L
2
4
0
0
 4
 
N
O
 T
E
S
 
-
 
U
N
L
 E
rC
S 
0
7
H
C
@
W
I5
C
 .S
P
E
C
/F
IE
D
 
/ 
5
U
R
F
A
C
6
 
R
O
U
C
X
N
If.
5
5
 
=
y.
 
2
 
/D
€
/V
T
,F
Y
 
P
E
R
 
X
P
8
-
5
 
T
Y
P
E
 4
 
B
A
G
 C
?. 
T
A
G
. 
/ 
S
H
O
W
N
 
-
2
 
O
P
P
O
rC
/li
f 
E
X
C
6
P
7
 A
S
 N
O
T
C
Z
) 
N
O
 T
E
S
 .' 
2
 P
L
A
C
E
S
 
/. 
S
U
R
F
A
C
E
 
R
O
U
G
N
N
E
5
5
 
.
 
"
7 
2.
 /
D
E
N
;I
/F
Y
 
P
L
5
Q 
H
P
B
-5
, 
T
Y
P
?
 Z
>
 
B
A
G
 
d
 
7
-A
G
. 
3
. A
L
L
 
/N
/T
E
R
/Y
A
L 
H
A
D
//
 
.
0
9
0
 ,
 
R
Y
L
 -
7
3
/
-
7
0
/
 
G
W
E
R
A
L
 E
L 
E
C
7
i
 
I 
I 
I 
4
 P
L
A
C
E
S
 
2
 
S
U
R
F
A
C
E
 
R
O
C
/G
M
N
E
S
S
 
3
 
/D
€
N
r/
F
Y
 
P
€
@
 H
P
 B
- 5
 
T
Y
P
E
 l
l,
 
B
A
G
 8
 T
A
G
+
 
N
O
 7
-E
 5
 
/: 
/D
€
/V
T
/F
Y
 
P
€
R
 
X
P
 B
-5
 
T
Y
e
Z
,
 
B
A
6 
8
 
T
A
G
. 
@
 M
A
Y
 
B
E
 
M
A
D
E
. 
F
R
O
M
 
A
 
C
O
M
M
€
R
C
/#
L
 
55
% 
-
 
2
4
 L
/N
F
-2
/ 
3
 
G
O
LD
 
P
L
A
T
&
 
P
E
R
 M
/L
- G
- 4
5
2
0
4
,
 T
Y
P
E
 
C
R
 C
 O
R
 O
 
O
P
T
/O
N
A
L
, 
C
L
 
/.
 
I UN
LE
SS
 O
TH
ER
W
IS
E 
SP
EC
IF
IE
D 
I
 
.
 .
 
.
 .
 
.
 
.
 
.
 .
 
.
 
.
 
.
 
.
 .
 
.
 
.
 
DI
M
EN
SI
ON
S 
AR
E 
IN
 IN
CH
ES
 
H
U
G
H
E
S
 
I 
I~
J
G
~
E
S
 
Al
RC
RA
Fl
 C
OM
PA
NY
 
:
 . 
.
 
.
 
CL
-V
ER
 c
ln
 C
AL
IF
OR
NI
P 
51 
N
O
 7
7
5
5
 -
 
L
/N
L 
E
S
 3
 
0
 7
-X
Lf
;e
W
/S
E 
S
F
E
C
/F
/E
D
 
/ 
A
N
O
D
/Z
E
 
P
E
P
 
M
/L
 -A
-B
6
2
S
; 
7-
Y
P
K
1Z
; 
C
L
 2
, 
B
L
A
C
K
. 
2.
 /D
E
N
'T
/F
Y
 
P
E
P
 
b
~
 8
-5
, 
TY
P
E
 z
.
 
D
A
S
H
 
C
O
N
F
/G
C
/R
A
T
/O
N
 
N
O
. 
-
 
W
/T
H
O
U
/r
 
T
A
B
S
 
-
2
 
W
/T
H
 
TA
B
S
 
4
 P
L
A
C
E
S
 
/ 
G
O
L
D
 P
L
A
T
E
- 
P
E
R
 M
/C
-G
-4
5
2
0
4
, 
T
Y
P
E
 4
 GR
 C
 O
R
 D
 
0P
7/
-d
N
/P
LJ
 
C
L
 
/. 
FO
RM
 N
O.
 1
lD
SS
CX
C 
1j€
B 
DI
EI
ER
IC
HQ
OS
T 
C
W
R
P
R
IM
 lD
aD
n 
I DIM
. A
R 
AN
D 
PE
f 

APPENDIX ZP. 
TESTING PROGRAM 
APPENDIX III. TESTING PROGRAM 
1) The following ba t te ry  cycling and tes t ing will b e  per formed  as requ i red  
i n  NASA-GSFC R F P  No. 716 -89965 1286. 
a) Ba t t e r i e s  wil l  be  given t h r ee  format ion cycles  and then sealed. 
b) All ba t t e r i e s  wil l  be cycled a s  follows: (25" It 2OC ambient). 
(1) Discharge  each  ce l l  on 1 ohm to  1. 0 volt 
(2) Charge  the  sealed ba t te ry  a t  1. 0 a m p e r e  constant  c u r r e n t  
to 1. 98 volts p e r  cell. Discharge at 5.0 a m p e r e s  t o  
1. 3 volts p e r  cell ,  
(3) Charge  the  ba t te ry  a t  1. 0 ampere  constant  c u r r e n t  to  
1. 98 volts p e r  cell.  Discharge  a t  7. 2 a m p e r e s  t o  1. 0 vol ts  
p e r  cell. 
(4) Discharge  to  b e  constant  current .  Record all ce l l  voltages,  
to ta l  ba t te ry  voltage, ba t te ry  cu r r en t ,  and ba t te ry  
t empera ture .  
c )  O n  two ba t te r ies ,  p e r f o r m  the  following: 
(1) Charge a t  1. 0 a m p e r e  to  1. 98 volts p e r  cell. 
(2)  Continuous cycle t en  t i m e s  at 25" f 2°C  with a 7. 2 a m p e r e s  
d i s cha rge  fo r  1 hour  followed by a constant  potential 
charge.  Voltage limit to  be  1. 98 volts p e r  ce l l  and the 
c u r r e n t  l imi ted t o  1.0 amperes .  When the  charge  c u r r e n t  
r eaches  160 ( t20 ,  -00) mi l l i amperes ,  r educe  the  charging 
voltage t o  1. 87 volts  p e r  cell.  Total charge  t ime  will b e  
23 hours  . 
(3)  O n  the  d i scharge  oii the  tenth cycle,  r emove  a l l  the  capacity 
of the ba t te ry  a t  the cycle r a t e  to 1. 0 volt p e r  cell.  
(4) Charge  the  ba t te ry  p e r  I t em 1 -c-1. 
Lower the battery tempera ture  in 6 hours  to  0 i 2°C. 
Cycle p e r  I tem 1 -c-2. 
On the discharge of the tenth cycle, remove a l l  capcity a t  
the cycle r a t e  to 1. 0 volt p e r  cell. 
Raise  the tempera ture  of the battery to 25" * 2°C in 
6 hours. 
Discharge each cell  on 1 ohm to 1.0 volt. 
Capacity check the battery p e r  I tem 1-b-3. Capacity on 
discharge to  be grea ter  than 12 amp-hr. 
d )  All charging voltage l imits  will be held within 1. 0 percent. All 
cur rent  values (charge and discharge)  will be held within 
2. 0 percent. Record cell voltages, total  battery voltage, bat tery 
cur rent ,  and battery temperature.  
